Abstract. Grid pattern (GP) is observed on planarly aligned nematic liquid crystal 4-methoxybenziledene-4-n-buthyl-aniline (MBBA) when it is applied by a certain frequency and a certain voltage that exceeds a threshold voltage, V GP . The GP appears due to convective movements of MBBA molecules. Dimensions on GP are distinguished into the length and width of GP rectangular shape. Width-area of GP is a product of the length and the width. Dimensional analysis is carried on image processing using ImageJ software. Observation on the pattern shows that the frequency affects GP dimensions, which are proportional to the GP length and inversely proportional to the GP width. Variation on frequency also shows that the frequency is inversely proportional to GP width-area. Dimensional analysis also describes a quadratic relation between frequency and widtharea of GP.
Introduction
Liquid crystal (LC) is generally lying at a temperature between solid and liquid phases, i.e. mesophase. Mesophase or liquid crystalline phase is defined as a phase that does not have a longrange positional order, but instead, a long-range orientational order. Molecules have the same direction as the nature as that of the solid, but they can flow as in liquids [1] . Based on its molecular orientational arrangement, LC resembles a solid phase, but it is closer to liquid phase from its molecular positional arrangement [2] [3] [4] . Liquid crystal has many different phases, and one of the most well-known phases is nematic. In the nematic phase, the molecules are randomly positioned but directionally correlated. They are aligned in a general direction defined by a unit vector n, the so-called director axis. Responses of nematic liquid crystals (NLC) are observed by using a system that consists of a thin layer of a nematic liquid crystal sandwiched between two parallel electrodes. There are two alignments of LC's cells, namely planar, in which the director n lies in plane of the electrodes, and homeotropic, in which the director is perpendicular to the electrodes.
The anisotropic properties of nematic liquid crystals allow nematic liquid crystals to have response to the induced external field, showing different patterns phenomenon such as stripes patterns that can be optically observed, and give rise to certain novel instability mechanisms that are not encountered in the classical problem of hydrodynamic instability in ordinary liquids. This is called electrohydrodynamics (EHD) of liquid crystals. On EHD mechanism, there are two regions: conductive region and dielectric region which are separated by a certain critical frequency, f c [1] [2] [3] [4] [5] . In the conductive region (f < f c ), planarly aligned NLC sample, which is induced by an external field, will show convective patterns. One of the patterns is Grid Pattern (GP), a convective pattern that appears when the voltage exceeds GP threshold voltage, V GP . GP has a rectangular shape with a shorter line parallel to the director (x-axis) and the longer one perpendicular to the director (y-axis) [6] [7] . This study is focused in dimensional analysis of GP on a NLC.
Experimental Procedure
A planar NLC sample cell was made by filling 4-methoxy-benzilidene-4-buthyl-aniline (MBBA) into a sandwich of two indium tin oxide (ITO) glass plates whose surfaces had been coated by Polyvinyl Alcohol (PVA) and rubbed. The sample thickness was maintained by using mylar spacer with 50µm and 100µm of thickness. A temperature of (30 ± 0.01)ºC was maintained using a heater control unit (Digital Controlled CHINO DB500). In order to emerge the GP, frequency-voltage variations were induced into the samples using a function synthesizer (NF 1915) .
The GP image was observed on computer that has been integrated into a CCD camera (Panasonic, WV-BD400) and a polarizing microscope (Nikon, Optiphot-pol). The captured GP image was convective structures on xy-plane which are different to those that found on xz-plane [8] . Then width and length of the GP were defined. The width was parallel to x-axis denoted by a, and the length was parallel to y-axis denoted by b, as shown in Figure 1 . Furthermore, width-area of the GP was analyzed using data from the length and width. The width-area was the product of the length and the width. Dimensional analysis of the GP on this research used an image processing with ImageJ software. In this process, changes in GP's shape due to the variation of frequencyvoltage were observed through its images. The changes, qualitatively, were obtained by converting the length and width of GP on image (in pixel) into micrometer unit, with reference conversion of 1 pixel equal to 2µm. 
Results and Discussion
Grid Pattern (GP) is a pattern that is formed after the formation of the twist-mode on Fluctuating Williams Domain (FWD) pattern stops, when it reaches a certain threshold voltage V GP . The GP shows an orderly rectangular shape. The GP shows a dark-bright pattern where area between the rectangular side and its centre is a dark area. Figure 2 shows the GP on the same frequency of both samples. The 50µm sample showed a smaller width-area of rectangular shape than the 100µm one. The difference of thickness of the samples influenced the formation of the GP. The thicker the sample, the wider the width-area of the GP is formed. As the sample sandwich is more spacious due to the thickness, the number of MBBA molecules that is filled into the sample is higher due to the strong anchoring possessed by the molecules. For the same size of images, the number of rectangular shape of the GP is decreased. In other words, it can be observed that the sample of 50µm of the thickness has more GP than of that the 100µm one. Using ImageJ, image processing is carried to measure the length and width of GP. As it can be seen in Fig. 3 , a straight line parallel to the x-axis, is drawn, and then using a feature of plot profile
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Advanced Materials Science and Technology provided by ImageJ, a two-dimensional graph is formed. The x-axis represents the distance along the drawn line, while the y-axis represents the intensity of the gray value. A higher gray value gives the bright pattern and the lower one shows a dark pattern. The line that crosses through the centre of GP causes the distortion of the image, which is the result of the intensity of the gray value, on the second peak (Fig. 3) . The same thing also applies to the other peaks that are represented the center of the GP as they are bright area. Dimensions of GP consist of width a and length b. As the given frequency-voltage increased, the length of GP (y-axis) is longer, while its width (x-axis) is reduced. Consequently, dimensions of the GP (a and b) are changed. The increasing of frequency-voltage makes the rectangular shape of the GP undergoes a change. The shape of the GP, which is a near-square shape at low frequency, became a rectangular shape as the frequency increased. Convective motions in the GP that continue over time result in the changes in GP shape. These changes occurred in both samples, with the same behavior. The relation between frequency and the length and the width of GP is shown in Fig. 4 . Fig. 4(a) ] and the length [ Fig.  4(b) ] of GP. We can see that the width a and th length b are in the order of sample thickness [9] . As the frequency increased the graphs provide a negative gradient on GP width and a positive one on the length of GP. This means that the width decreases but the length increases along with the applied frequency. This happens linearly on both samples. However, the width has sharper Advanced Materials Research Vol. 896 495 dimension changes than that of the length. As it can also be seen on both graphs, the dimensions changes on 100µm sample has a higher number than that of the 50µm one. The width-area of GP, A, on planar NLC sample is defined as product of the width and the length of GP. The width a is defined as a distance between two bright lines which hold one convective pattern's center on x-axis. The length of b is defined in the same way but it is on y-axis. So, the width-area of GP is written as a×b in µm 2 unit, where its change for the 50µm and the 100µm samples is shown in Fig. 5 . The lines in Fig.5 describe a quadratic relation between frequency and A of GP. In both samples A decreases along with the given frequency.
Conclusion
The Grid Pattern (GP) is a convective pattern on planarly NLC with rectangular shape, whose shorter side is parallel to the director and the longer one is perpendicular to the director. The dimensional analysis shows that the GP changes its shape from a near-square into a rectangle, with a shortening in the x-axis (width, a) and elongation in the y-axis (length, b). As the applied frequency increased the width a decreased and the lenght b increased. The width-area, A, of GP decreases when the applied frequency increases.
